7 InfraRed Spectrograph (IRS)
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7.1

Instrument Description

7.1.1. Overview

7.1.1.1 WHAT IS THE IRS?

The Infrared Spectrograph (IRS) will provide the Space Infrared Telescope Facility (SIRTF)
with low and moderate resolution spedroscopic cgpabiliti es from 5.3to 40microns. The IRS
iscompaosed of four separate modues, with two of the modues providing R ~ 60-120 spectral
resolution over 5.3 — 40microns and two modues providing R ~ 600 spectral resolution ower
10 to 37 microns. Ead modue has its own entrance dlit in the focd plane. The IRS
instrument has no moving parts. The low-resolution modues employ long dit designs that
allow both spedral and ane-dimensional spatial information to be aguired simultaneously on
the same detector array. Two small imaging sub-arrays (Pe&-up arrays) in the short-low
modue (SL) will also allow objedsto be placed accurately into any of the IRS entrance dlits.
The high-resolution modues use acrossdispersed echell e design that gives bath spectral and
limited spatiad measurements on the same detedor array. The median 10 continuum
sensitivity for the IRS low-resolution modues is abou 0.12 mJy from 6 to 15um and 0.38
mJdy from 14 to 40 um in 512seconds of integration. The 10 line sensitivity estimates for the
high-resolution modues are 3.68 x 10%° Wm? and 4.33x 10%° Wm, respedively, for the
same integration time.

MODULE DETECTOR | WAVELENGTH | RESOLVING
RANGE (uM) POWER
Short-Low (SL) Si:As 53-14 62 — 124*
Pegk-Up (SL) Si:As (13.5-26 (~3)
Long-Low (LL) Si:Sb 14 - 40 62 — 124*
Short-High (SH) Si:As 10-195 = 600
Long-High (LH) Si:Sb 19— 37 = 600

Table7.1 RS Module Operating Wavelengths

* AN is approximately constant as afunction o A for each modue and ader.

The major subsystems of the IRS are:

* The Opticd/Medanicd Subsystem consisting of the opticd elements and their supparts.

» The Stimulation Subsystem consisting of the sources and their control.

 The Therma Subsystem consisting of the temperature sensing elements, heater, heat
control circuits, and heat straps to the cryogenic d@tachments.

 The Detector Subsystem consisting of the focd plane arays and their asciated
multi plexers, cabling and warm preamplifiers/signal condtioning circuits.
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» The Eledronic Subsystem consisting of the warm control electronics (shared with MIPS),
power condtioning circuits, and interface dedronics to recave power and commands
from the Observatory and transmit detedor outputs to the Observatory for transmisson to
the Earth. This subsystem includes the Instrument Computer, which converts commands
into drive voltages and clocking tables, loads them into the warm control eledronics,
colleds digiti zed data, performs smple aithmetic on frame stacks and computes tel escope
off sets from Pe&-Up images when necessary.

7.1.1.2 THE IRS CoOLD ASSEMBLY

The IRS Instrument interfaces to a hea sink temperature of 14K — 1.6K. During
operation, the Foca Plane Array operating temperature is tightly controlled at temperatures
a few degrees abowe the interface temperature. Once the observing run hes begun, the
temperature stability of the aray is controlled ower the eitire observing cycle. Spedfic
detalls concerning array temperature oontrol are defined in Section 7.1.3.1.2 D this
document.

The IRS Cold Assmbly, i.e., the four modues, the mld interface board, and the IRS
baseplate, is mourted drectly onto the SIRTF facili ty base plate withou the necessty for
shock mourts. The instrument is comprised of four optical modues whaose packaging
concept is one of “bat and go” and requires no adjustments other than shimming of the
focd plane aembly in order to achieve proper focus.

Eadh IRS modue hasits own enclosure and internal baffling and is attached to the dmmon
IRS baseplate by a threepoint attachment. The cmmon beseplate is in turn attached
through a three-point attachment to the floor of the SIRTF Multiple Instrument Chamber
(MIC). In arder to provide sufficient shielding to meet the ionizing radiation requirements
of the IRS detedors, there is a minimum path length of 1.8 cm, through aluminum, along
any diredion into each focal plane. Figure 7-1 shows the four modues installed on the
baseplate dong with the cold interface board.

Short AHighRes Long Aow Res

Module \ Pickoffm{ns / Module

ShortALow Res x \
Cold Interface

& Peak up Module Long AHigh Res

Board Module

Figure 7-1 The IRS Cold Assmbly
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7.1.1.3 DEFINITIONS

 RESOLVING POWER: R = A/A\, where A is the observing wavelength and AA is the full
width at half maximum resporse for the selected entrance dit and a virtual dlit in the
detedor focd plane of the same projeded width. Note: at the nomina dlit width thereisa
two-pixel width contained within the projeded width of the entrance dlit.

 DIFFRACTION LIMIT: 1.0 A/D radians when projeded orto the sky, where D is the
eff ective diameter of the SIRTF entrance gerture (85 cm). Thus B4t = 0.24\ (A in um, 6
in arc secondas).

* PIXEL SIZE: one half of the image of a diffradionlimited dlit a Ay, the long
wavelength limit at which the pixel isto operate. The exad scaling between pixel size and
dit sizeismodue dependent. The physicd pixel sizeis 75um.

* F/RATIO: the focd ratio (effedive focd length/aperture). The f/ratio of the SIRTF
telescopeis 12.

7.1.2 Optics

7.1.2.1 OPTICAL LAYOUT — OVERVIEW

The opticd system covers the wavelength range from 5.3to 40 um. There is no adive focus
control for any of the modues. The @rred focus of the dit image on the focal plane is
achieved by pladng an appropriately machined space plate between the FPMA and the
modue housing. An isometric view of the IRS instrument is shown in Figure 7-1. The IRS
instrument is cgpable of self-test for proper functional operation d the focd planes. Through
the use of an internal stimulator source located within each o the four Cold Instrument
Modues, the detedor resporsivity can be monitored. All mirrors and gratings are cnstructed
of diamondmadhined aluminum. The filters are multi-layer interferencefilters.

Sincethere are no moving parts in the IRS, multiple uses are made of the same detedor array,
and telescope motion is substituted for grating mechanism motion in the instrument. Each
aperture in the low-resolution modues is divided into several functional sedions (sub-dits).
These sub-dlits provide spedroscopy in dfferent grating orders. Each high-resolution modue
hasasingle slit. The tolerances of the slit widths are £ 5%, with the dlit constant in width owver
its length to £ 1%. Table 7.2 summarizes the useful area of the IRS dlits. Figure 7-2
ill ustrates the dimensions of the dlits and peak-up arrays.
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Modue | Wavelength Range | Pixel Size | Dispersion | CrossDispersion
(um) (arc-sec) (arc-sec) (arc-sec)

SL 53—8.5 1.8 3.6 54.6
75—14.2 1.8 3.6 54.6

PU-blue 13.3 —18.7 1.8 72 60

PU-red 18.5—26.0 1.8 72 60

LL 142 —21.8 4.8 9.7 151.3
20.6 — 40.0 4.8 9.7 151.3

SH 10.0 —19.5 2.4 5.3 11.8

LH 19.3 — 37.0 4.8 11.1 22.4

Table7.2 Sizes of the IRS dlits
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Figure 7-2 Schematic representation of the IRS dlits

Note that the IRS dlits are not parallel in the SIRTF focal plane. The relative aagle
between the short-high and the long-high dlit i s 84.8, and the angle between the short-low and
the long-low dlit is85.9.

7.1.2.2 OPTICAL LAYOUT — MODULES

The opticd design of eadch of the IRS spedrograph chains was organized along a set of
common cesign rules. The widths of the entrance dlits width were set at Ty Amax/D, Where Amax
is the maximum wavelength of that modue, D is the dfective diameter of the SIRTF primary
mirror (85cm) and Ty is the SIRTF telescope dfective focal length. Internally, eatc modue
maps this dit width geometricaly acrosstwo pixels onits detedor array. Slit | engths were set
to be & long as passble, limited by the sizes of the detector arrays, the available red estate in
the CTA focd plane, and the requirement to keep the different orders separated in the cross
dispersed edhelle modues. All of the IRS optics are over-sized to minimize interna
diffradion effects and have their opticd surfaces coated with gdd to enhance their infrared
reflectivity. With the exception d the imaging train of the short-low modue, nore of the
modues has an internal Lyot stop.
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Short-Low Module

The short-low modue is a grating spectrometer and imager which covers the nominal spectral
range from 5.3to 15.0um at 64 < R < 128.The plate scde for the short-low 128x128 Si:As
BIB array is 1.8 /pixel. When the sourceis on ore haf of the long dlit, light passes through a
7.5 — 15um bandpessfilter and is diffraded off the grating in first order. When the sourceis
moved to the other half of the same dlit, light passes through a5 — 7.5um bandpessfilter and
is diffraded off the grating in second ader. The modue dso produces a second, short
spedra segment that covers 7.5 — 8.fum spedral regionin first order. Figure 7-3 shows the
opticd layout of the modue.
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Figure 7-3 Short-low spedral (grey) & Peak-up (black) optical components and light
paths

In addition to providing spedra information, the short-low modue provides an IRS peak-up
function. The purpose of ped&-up is to acarately position the science target onto ore of the
IRS dlits. Light passes through one of two bandpassfilters (see Table 7.2) and isimaged orto
the short-low focal-plane. Thisimage is used to acarately measure the position d the source
This position is then passed onto the SIRTF Pointing Control System. A description d the
pe&k-up procedureis given in sedion 7.2.3.30f this document.
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Long-Low Module

The longlow modue is a grating spectrometer, which covers the nominal spedral range from
14 — 4Qum at 64 < R < 128. The plate scale is 4.8'/pixel. The longlow aperture mnsists of
two, in-line sub-dlits with a small gap between them (similar to the short-low modue). When
the sourceisin ore side of the dlit, light passes through a 14 — 21um band-pass filter and is
diffraded off the grating in secondorder. When the sourceis moved to the other sub-dlit, light
passes through a 21 — 40um band-passfilter and is diffraded off the grating in first order.
The detedor is a 128x128 Si: Sb BIB array. Figure 7-4 depicts the modue components and
opticd paths.
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Figure 7-4 Long-low module optical components and paths

Short-High Module
The short-high modue is a doss-dispersed edhelle spedrometer, which covers the nominal
spedra range from 10 — 19.5um at R = 600. The plate scale is 2.4'/pixel. It has a small
overlap with the long-high modue. The short-high aperture is a single dlit of width 2x5
pixels. Itslengthislimited so that nealy an octave of a aoss-dispersed echell e spedrum can

be fit onto the 128x128 array withou spatial overlap of orders. The detector is a Si:As BIB
array.
Figure 7-5 depicts the modue comporents and the optical paths.
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Long-High Module

The long-high modue is a aossdispersed echelle spectrometer, which covers the nominal
spedra range from 19.0 — 37.0um at R = 600. The plate scale is 4.8'/pixel. It has a small
overlap with the short-high modue. The long-high aperture is a single dlit of 2x5 pixels. Its
length is limited so that nealy an octave of a crossdispersed echell e spedrum can be fit onto
the 128x128array withou spatial overlap of orders. The detector isa Si: Sb BIB array. Figure

Figure 7-5 Short-high module optical components and paths

7-6 depicts the modue cmporents and the optical paths.
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Figure 7-6 L ong-high module optical components and paths
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7.1.2.3 SPECTRUM QUALITY

One of the main goals of In-Orbit-Chedkout (IOC) is to charaderize the optical quality and
performance of the IRS. Given the unavoidable high thermal background onthe groundthe
IRS test faciliti es canna provide most of this information kefore launch. As onas in-flight
data become avail able this ction will i nclude the charaderization d:

* Point-spreal functions for each wavelength

* Energy distribution dots.

» Spedra overlap between ardersin the low-resolution modues

e Stray light analysis

* Ghost images

7.1.2.4 IRS ARRAY IMAGES

The following sedion shows “typicd” data obtained duing groundtests to ill ustrate the data
products and image format from the IRS. Details on all modues are given in the captions of
Figure 7-7, Figure 7-8, and Figure 7-9.
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Figure 7-7 Raw data from the short-low (left) and long-low (right) module. The
images wer e obtained during ground testing of the instrument. Both images show
the difference of two extended black-body sources of 60°C and room temperature,
respedively. The dark absorption band in the upper left corner (1% order) of the
short-low module is due to the silicon neutral density filter used for ground testing.
Most of the spedral structure originates from atmospheric H,O and CO,. Both
modules benefit from a 1¥ order overlap (above the central 2nd order spedrum)
which is about 1 um wide for the SL (7.5 — 8.5um) and 0.5 um wide for the LL
module. This “spedral bonus’ allows observations of the 5 — 8.5um region with
only one (sub-) dlit setting and somewhat reduced SN. The short-low image also
showsthe two peak-up fields, which were saturated in this exposure. The difference
image is therefore zero. Around the elges the images go from saturated to low
values thus producing the bright rim. The long-low image shows the 1% order (20.5
— 40 pm) on the left and 2™ order (14 — 21pm) on the right. Two absorption
featuresfrom H,O and CO;are indicated.
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Figure 7-8 Raw data from the short-high (left) and long-high (right) module. Both
images show the difference of two extended black-body sources of 60°C and room
temperature, respedively. Both images contain many atmospheric H,O absorption
features, and the short-high image shows a pronounced CO, absorption feature in the
lower half of the 4™ spedral order from the left. The periodic structure along the
spedra is due to fringing. Both images show the typical layout of a crossdispersed
echellogram. On the left, wavelength increases from right to left. On the right,
wavelength increases from left to right with diffraction order and from bottom to top
within each diffraction order

Figure 7-9 Image of a point source in the SL module blue peak-up field. For a
description of the peak-up algorithm see section 7.2.3.3
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7.1.3 Detectors

Eacdh o the four opticd modues incorporates asingle 128x128BIB FPMA (blocked impurity
band focd plane arrays). Two detector arrays are arsenic doped sili con (Si:As), and two are
antimony doped silicon (Si:Sb). The Si:As arrays operate over a 5 — 26 um wavelength
window. The Si:Sb arrays operate over a 14 — 40um window. Each array is electricdly
conreded to the “Cold InterfaceBoard” (CIB) locaed within the Cold Instrument section on
the IRS baseplate via dedicaed short cables. The CIB provides a reliable means of signal
interconred and dstribution ketween two dstinct condictor/conredion requirements. As the
Combined Eledronics is redundant (Side A and Side B), the CIB provides a means of signal
distributionto ead o the four instruments.

7.1.3.1 BASIC ARRAY PARAMETERS

Detective Quantum Efficiency (DQE)
The DQE is afunction d wavelength A and hbas voltage. In Si:Sb arrays, an increase in hbias
voltage leals to an incresse of DQE at longer wavelengths (> 36 um), see Figure 7-10.
However, it aso exaceabates the dark current associated with radiation damaged pixels. A
performance optimization metric was devised which uses radiation test data and resporsivity
vs. wavel ength measurements on Si: Sb detedor material to cdculate the optimum bias voltage
for agiven proton dcse.
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Figure 7-10 DQE for the Si:Sb arr ays as a function of wavelength for different bias
settings. The DQE dedines linearly from 20% at 30 um to amost 0% at 40 um, at the
optimal bias for best performance over the 14 — 36um interval. At higher biases, for
which radiation hardnesscriteria are waived, the linear dedine in DQE isfrom 30% at
30pum to 5% at 40 pm.
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Array Temperature Control and Annealing

In order to achieve optimum performance, the FPMA temperature must be dosely controll ed.
Once a IRS observing cycle has commenced, focd plane aray temperature stabili ty over the
entire observing cycle (~ 12 haurs) is within 0.1K. Becaise tharged particle radiation
damage accumulation on the pixels causes an increase in baseline dark current, periodic
anneding is required to reestablish this baseline. Raising the temperature (anneding) of the
array to 2K (+10K/-0K) for aminimum time of 1 minute acomplishes thisadion. Currently
it is planned to anned the IRS detedors abou twice aweek in arbit.

ArrayTemperature Range | Thermal Stability
Si:As | 4.7t0 6.2K 30mK over a600secondinterval
Si:Sh 3.8t0 5.0K 20 mK over a600secondinterval

Table 7.3 Detector operating temperatures

7.1.3.2 PERFORMANCE CHARACTERISTICS

At the time of writing, the instrument has just completed its fina cold test cycle for instrument
characterization. Although further analysis of some test data is required, information is
avail able on the following topics:

Photometric response — Stimulator tests have shown that the combination d stimulator and
detedor resporse stability is better than 1% over multiple cd-downs sparated by months, and
that the resporsivity of the detedors are un-affected by radiation. Overal phaometric accuracy
depends uponthe pointing acaracy seleded inthe AOT (seebelow) but can be & goodas 5%.

. Effed of overexposures— Colledion d over 300,000eledrons per pixel before areset can cause

a 1-2% reduction in resporsivity in the pixels affeded, for aperiod d approximately one hour.
Read noise— Theread ndseis 30 eledronsin RAW mode with 16samples.

Dark Current —At abias of 1.5 vdts, the dark current islessthan 10eledrons per secondfor the
Si:As arrays and lessthan 40eledrons per secondfor the Si: Sb arrays.

Gain —Thegainis4.6¢€lectron per DN.

Pixel Masks — The pixel badnesscriteria ae having a dark current greater than 40 eledrons per
secndin Si:As or greaer than 160electrons per seaondin Si: Sb, or, aresporsivity lessthan 50%
(or greater than 130% of the median resporsivity of the array).

Dark Frames — Since the IRS has no internal shutter, reference frames are not truly dark.
Reference spedra ae olleded at the ecliptic paes, or near the target if the locd backgroundis
significantly different from the high latitude zodiacd sky.

Flat Fields — Flat field frames will be obtained from differences of zodiacd sky measurements at
low and high ediptic latitude, or from scanning a stell ar sources along the dlits.

Cosmic Ray Transient Effeds — Proton irradiation shows no cosmic ray transient effeds after
the usual boost/reset sequence However, there may be transient effeds within a given ramp for a
small number of reads before the next bocst/reset. These ae aurrently under study.

10.Background — Typical ediptic pae phaocurrents for the short-low, short-high, long-low, and

long-high modues are 14, 3, 70,and 8 eledrons per second respedively, at nominal operating
biases.

11.Bias — Nominal operating bias will be 1.5 vdts for the Si:As arrays and 1.6volts for the Si:Sb

arrays.
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12.Latent Images — Latent images are suppressed to lessthan the 1% level between science ramps
by the detedor clocking patterns, and by keeuing the detedor as warm as possble withou
increasing the dark current.

13.Droop —Droopis aslope proportional to the phaocurrent summed over al pixels, which is added
to every pixel of the aray when it is nondestructively read in RAW mode. Noise measurements
show that this dope is a MUX artifact, na a true aurrent.  The droop cougding constant
(droop/(total array phatocurrent)) is typicadly 3x10° for al arrays, which is equivalent to aratio of
droopto average array current of 0.48. Droopis present in al IRS arrays.

14.Well Depth —Well depth, defined as the paint at which the differential resporsivity has fallen to
90% of its snall-signal value, exceals 2x10° eledrons for Si:Asand 1¢ dedrons for Si:Sb.

7.1.4 Combined Electronics

7.1.4.1 HARDWARE

Overview

The achitedure of the cmbined eledronics (CE) subsystem incorporates two independent
and redundant eledronics boxes (A & B). The sedledion d the adive box is dore by the
Spacecaft. The dedronics subsystem is designed so that it will med all of its performance
requirements within 30 minutes of being turned on. Due to the different locations for the A
and B side boxes in the spaceaaft bus, side A can med its performance requirements more
rapidly after turn onthan side B. This, together with ather operational advantagesin using side
A, indicae that this sde will be basdlined for use, with side B only being used in case of a
fault in the A side.

The Combined Eledronics are used to operate both the IRS and MIPS cold instruments,
athouwgh orly one instrument can be used, or even povered up,at atime. While using the IRS
separate drcuit boards in the Combined Eledronics handle focal plane aray clocking, focd
plane aray out signal condtioning, communication with the spacecraft, command and data
processng, and engineaing data wlledion functions. The command and data processng
board is based ona RAD 6000CPU.

When the IRS is operating al of its four focd plane arrays are docked simultaneously
together. The on-chip ouput drivers are independently powered, so that any number of the
IRS arrays can be powered on at a time. However, the aray outputs are multiplexed to the
analog signal condtioning circuit so that it is possbleto orly read ou one aray at atime.

Analog Signal Conditioning
The S Analog Signal Processng eledronics provide the capabili ty to read ouput signals from
the Si detedors. Figure 7-11 is a block diagram of the signal path for the Si detedor(s)
outputs.
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Figure 7-11 Si Detector output signal path (oneof four parallel paths)

The Si Analog Signal Processng eledronics provides sgnal output and processng for up to
five Si arrays on a 5x4 channel multiplexer with four channels per array. The output signal is
1.2 pV per electron, saturating at 200,000eledrons full well, with negative going output
polarity for increasing detector charge.

Array Clock and Operation
There is no povision for accessng only a subset of the aray. The Si Anaog Signa
Processng eledronics provides four Si clocks. Observation modes for the IRS require
clocking the Si detedors using the timing patterns edficdly are defined below. The Timing
Pattern Generator (TPG) is used to clock the Si detectors. In order to discussthe IRS array
clocking and dita olledionit is necessary to define afew terms:

Sample: 16 [t integer resulting from asingle A/D conversion d apixel signal.
Frame: A single docking through a detedor array, visiting every pixel. There ae four
frame types used in olservations:
i. Sample Frame: A framein which ead pixel is smpled.

iil. Reset Frame: A framein which each pixel isreset.

iii. Boost Frame: A frame in which each pixel is reset with a bocst voltage
applied.

iv. Spin Frame: A framein which ead pixel isjust addressed. No read or reset is
applied. Spin frames allow continuows clocking patterns withou affeding the
charge of apixel.

Frame Count: The number of sample frames.

DCE: Data Colledion Event. A DCE may contain multi ple groups.
Observation: The set of al exposures required to accomplish a single Astronamicd
Observation Request (AOR).

Spinning Double Correlated Sampling (see below): Sample the first frame dter a reset
frame and the frame just before the next reset, with spinsin between.

IRS Raw: Sample and spin frames between areset frame and the next reset/boacst frame.

FrameTime: Time required to clock through ore Si frame. IRS frame times are in standard
seconds (derived from a40 MHz oscill ator on the 1/0O baoard).

Exposure Time: Time the Timing Pattern Generator isrunning during an IRS expasure.

Effedive DCE Time: Time the Timing Pattern Generator is actively colleding valid data.
The time between detedor resets.

DCE Time: The time between and including detector resets (=effective DCE time + reset
time).
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When a Si detedor is clocked, the CE Timing Pattern Generator provides the foll owing
options:

1. Accessapixe and do nehing else.

2. Accessapixe, sampleitslevel.

3. Accessapixe, reset itsintegrating capacitance

Two data oll ection techniques will be used in general sciencedata wllection:

Double Correlated Sampling (DCS)

Figure 7-12 shows the parameters for the spinning doulde rrelated sampling technique.
Following an initial series of bias boast and reset frames, each pixel is smpled. The totd
time required to sample every pixel in the aray is caled the frame time. Several successve
spins through the array are then carried ou in which eat pixel is accessed bu not sampled.
(Note that the frame time and the spin time are equal). After a specified number of spins, the
pixels are again sampled, and the difference between the two samples at each pixel is sved
and stored as an image. Each DCS Mode sub-exposure will generate asingle 128x128x16 ht
image.
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Figure 7-12 Double Correlated Sampling Tednique

Raw Data Collection

Figure 7-13 shows the parameters for the raw data olledion tedhnique. Following an initial
series of bias boost and reset frames, each pixel is smpled. The total time required to sample
eat pixel inthe aray is called the frame time. There may be spin frames in which each pixel
isaccesxd bu not sampled. Every time the pixel is smpled, the data from each sample ae
saved and stored as an image to be sent to the groundfor processng. Eadh IRS raw mode sub-
exposure will generate N, 128x128x16 Lt images, where N is the number of commanded raw
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sample frames. Note that some combinations of clocking patterns and frame times will be
inefficient or otherwise undesirable. Hence, the IRS AOT form described in section 7.2.3will
offer only a subset of all possble seledions.
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Figure 7-13 Raw Data Colledion Tednique

Radiation Effects

The high-energy radiation environment for the IRS system consists primarily of
(1) cosmic ray protons and heavy ions
(2) solar protons and heavy ions

These particles range in energy from a few eV to over 1 GeV. The pe& fluxes and total
fluences of these particles will vary with the level of solar activity and are in the order of 2 —
16 potonscm?s™*. SIRTF is expeded to operate in solar maximum conditi ons throughott the
first 2.5 years of its lifetime. These ewvironments can cause avariety of effeds in the IRS
system, manifesting as both long-term degradation and abrupt changes of electronics and
optics.

The Combined Eledronicsis designed to withstand the total radiation dese estimated over a 5-
yea misson. However, since the largest contribution to the acemulated radiation dose
damage occurs during unwsually large solar flares, the Combined Eledronics may be turned
off during these events. The radiation damage to unpowered eledronic devices dropsto 10%
of the damage that occurs whil e they are powered up.
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7.1.4.2 SOFTWARE

Control Section Flight Software

The Control Sedion Flight Software (CSFS) is the main control and coordination center for
the IRS (and MIPS instruments. The flight software will reside in the RAD 6000 CPU.
Although certain survival commands and engineering telemetry data are passed between the
instrument and the spaceraft diredly, the magjor command and telemetry functions are
provided by the CSFS. There ae no software state or operations mode danges that are
seledable by the science observer. Upgrades to the software and updites to the IRS software
patchable nstant table ae maintained by the SIRTF Hight Operations and Science
Operations teans.

IRS Control Section Flight Software Functional Overview

The CSFS provides the foll owing capabiliti es:

Receave and processcommand ceta.

Control and coordinate the IRS instrument adivities based on defined operational
parameters within the acepted commands.

Configure the IRS detedors and control the olledion d the science and cdibration image
dataviathe Si FPA electronicsinterfaces.

Perform Pe&k-Up target aaquisition wsing the IRS Pegk-Up detector.

Gather, format, and ouput both engineering and sciencetelemetry data.

Control eath of the instrument stimulators.

Monitor instrument safety parameters and maintain the instrument in a safe configuration.
Perform memory self-tests.

Initialize and maintain the Control Sedion (CS) eledronics and software systems of the
instrument.

Monitor and control each dof the instrument FPA temperatures.
Control the anneding and radiation mitigation d each o the instrument FPAS.

7.2 How to use the IRS

7.2.1 Performance of the Instrument

7.2.1.1 INTRODUCTION: SIGNAL-TO-NOISE (S/N) CALCULATIONS

The following sedion gives an introduction into signal-to-noise calculations. Observers who
are satisfied with the sensitivity plots dhown in sedion 7.2.1.2can skip this edion. We
cdculate the noise-equivaent flux density (NEFD, colloquially referred to as “ sensitivity”) for
the IRS in the foll owing steps.
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1. Thebadkground phdo-current from sky and telescopeis given by:
isy = (ABAhC)AQAATNG

where h is the Planck constant, and:

Brn = faray (UN)* 5.998107° 3 &i/(e"**™Ti — 1) hc/ A

faray = theratio of total sky throughpu to that of an ideal f/12 telescope

AQ = thetelescope throughput in cm?sr

JAV)\ = the spedral bandpassfalling on ame pixel (= A/R). Note: while there ae 2

pixels per resolution element, the dlit width is also two pixels. Hence, AA is
propartional to the dlit width if the spedral plate scdeis unchanged.

T =the wld opticd throughput for extended sources (i.e., amitting dlit | 0sses)

NG  =thedetector resporsivity (electrons per phaon) [= (n/B)BG]

BG  =thegan-dispersion product

2. The total noise in eledrons per pixe is the sum of the phao-current shot noise, dark
current shot noise, and read nase andis given by:

N = V{igoBGtin + RN+ i sByGatine}

where _ddenates dark current, and:

RN =theread nasein dectrons
tint = the integrationtime in seands
and.

3. The per-pixel phaocurrent for a 1 milli -Jansky sourceis:
Sy = 1.511(D%/4) Tia TaignT TsitN Gin/ 4R
where:

1mly =10%%ergcm?Hz?

D = the telescope aerture (units cm?)

Tyit = the throughpu of a point source with angular diameter Ana/D through the
dit. Thefador of 4 comes from dividing the point sourceflux over 2 pixels per
spedral resolution element and 2 pxels atia extent.

Thisis used to convert between the flux density in Jansky and e / s.

4. Then the 1-0 staring point source @ntinuum sensitivity (PSSC) in milli-Jansky at full
resolution d the spedrograph,is:

PSS = a N/Sny

where the factor a accounts for the variation in PS- with wavelength and cetail s of the

point source etradion; its value lies between 0.8and 1.2.The 1-0 staring point source

continuum sengitivity (in mJy) smoothed, in mJy at the required resolution d the

spedrograph (Rreg = 50) is referred to the PSECS, andis given by PSS = PSSC (Rreq
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/ R)2. The spedra ae smocthed from R to Rreq and the SIN is assumed to increase as
the square root of number of pixels averaged; suitable sub-pixel smoothing assumed.
Thisisthe quantity given in the sensitivity charts below.

5. The 1-0 staring paint source sensitivity, for unresolved lines (in Wm®) is then
PSS =3x10"°PSSC/RA

where 3x10™° = ¢ (3x10"um/s) (10°Wm?Hz/mdy).

7.2.1.2 SENSITIVITIES OF THE 4 MODULES

This sdion povides snsitivity curves for al four IRS modues. Figure 7-14 shows a
comparison letween the 4 modues. Plots of the point-source staring mode @ntinuum
sensitivity of the short-low and long-low modue based onscalar grating diff radion theory are
shown in Figure 7-15 and Figure 7-16, respedively. Plots of the point-source staring mode
(unresolved) line sensitivity of the short-high and long-high modues are shown in Figure 7-17
and Figure 7-18, respedively. These plots aso show the sensitivities for the 4 integration
times that are selectable from within the AOT. In al figures, the requirement and
performance ae based uponthe infrared backgroundat the South Ecliptic Pole. Note that the
scding sensitivity, ~Vti , only applies to the badkground o dark current limited case (i.e.,
longer integration times). There are no line sensitivity plots shown for the low-resolution
modues snce they are not the recommended instruments for this kind o observations.
Finally, Figure 7-19 shows the saturation limits for bright point sources for the shortest ramp

times.
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Figure 7-14 1o continuum sensitivity of all 4 modulesin a 512second integration
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Figure 7-15 Short-low 1o point source (PSSCS) continuum sensitivity after
smoothing to aresolution of R=50.
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Figure 7-16 Long-low 1o point source (PSSCS) sensitivity after smoothing to a

resolution of R=50. Thisfigure shows resultsfor the optimum early-mission (low
radiation dose) biasof 1.6V.
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Figure 7-19 Saturation levelsfor the shortest ramp availablein the AOT. For
flux densitiesat a gven wavelength which exceal these limits, at least one of the
sampleswill be off-scale. Flux densitiesup to 3timesgreater will have at |least
two unsaturated samples. The observer may decide whether the science can be
accomplished if the spedrum is saturated in some spectral or spatial regions, and
not in others.

7.2.1.3 EXAMPLE: A SIMULATED HIGH-RESOLUTION SPECTRUM

Figure 7-20 shows a simulated IRS high-resolution spedrum. The simulation shows the
expeded signal from a starburst galaxy at aredshift of z= 1 namalized to an IRAS 25um flux
of 50 mJy, after an integration time of 128 seconds (per modue).
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Figure 7-20 Simulated IRS high-resolution spedrum. The spedrum isbased on
the 1SO-SWS spedrum of M82 (Sturm et al. 200Q.

7.2.2 Observing Time Estimation

There ae two basic time comporents associated with IRS observing. The first is the
integration time, or the time “on source”. This is the time spent taking spedra, and does not
include such adivities as peak-up a moving the target between adjacent dlit positions. The
second time comporent is observational overhead. This includes the reset and condtioning
frames taken at the start of each ramp, the pe&-up, al telescope motions within the AOR, and
a generic dew overheal to acourn for the time it takes for the initial (large) slew to the pe&k-
up a science target. Together, the integration and owerhead times are alded to estimate the
total AOR duration. It isthe AOR duration that an olserver must request in his/her proposal.

For most targets, except perhaps for some dusters, the dominant overhead term will be
contributed by pes&-up. Much d the time assciated with the peak-up processis gent
waiting for the telescope to settle before the spedroscopic integrations are started. This is
criticd if the Observatory is to accurately place ascience target on the relatively narrow IRS
gdlits.

For example, a high accuracy pe&-up ona faint target can take over 350 seaonds, more than
60% of which is gpent simply moving and settling the telescope. During the pe&k-up process
two sets of images are taken. The first peak-up image set (three DCS exposures) is taken at
theinitial pointing (probably close to the center of the selected peak-up field) whil e the second
pedk-up image set is taken with the peak-up target on the “swed spot” of the seleded array.
The swed spat is sSmply the part of the array where the most accurate centroid determination
can bemade. Thelocation d the sweet spat will be determined duing IOC.
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7.2.3 Astronomical Observation Template (AOT) Description

7.2.3.1 STARING MODE SPECTROSCOPY

Staring mode is the basic “point and shoa” operating mode of the IRS. In this mode,
science targets are placed on ore of more of the IRS dlits for a spedfied integration time
before the aray isread ou. The IRS Saring Mode AOT provides a step-by-step, web-based
form through which the potentia IRS observer can uniquely spedfy a staring mode
observation. Staring mode includes both Standard Staring, and Step-and-Stare (see
below). The target parameters (e.g., name, coordinates), spectral wavelengths desired (dlits),
and method d target aqquisition (pe&k-up) are inpu by the observer. An estimate of the
total observation time, the overhead times, the observation windows and dlit paosition angles
(P.A.) for each window, and a means to save the planned olservationin ASCII format are dl
provided by the software. A completed and validated AOT resultsin an AOR (Astronamical
Observation Request), which is esentially a SIRTF command sequence designed to perform
the observation. Below, we describe each of the magor sedions of the IRS Saring Mode
AOT.

Figure 7-21: The RS Saring Mode front end

Target Spedfication: The first entry in the AOT form (and ore that is common to all
SIRTF AOTYS) isthe specification d sciencetarget. By selecting the Targets menu from the
top d the AOT, awindow is generated which all ows entry of atarget name and e of five
target types. (1) Fixed Single, (2) Fixed Cluster-offsets, (3) Fixed Cluster-pasitions, (4)
Moving Single, or (5) Moving Cluster. By clicking onthe tabs for one of these dhaices, the
appropriate panel opens allowing for input of the aordinates and proper motions for fixed
objeds, or the individual moving target identifier (NAIF ID) for solar system objeds which
require tradking (Figure 7-22). Once the targets have been entered into the AOT, a Target
List is automaticdly generated by the program. All targetsin this list are acessble to the
observer for any of the SIRTF instruments and any of the AOTS, and the observer can easily
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seled targets from this list for one or more observations. The visibility of the targets to
SIRTF can be dhecked at this paint, and orce aspedfic observable date is sleded, the IRS
dit position angles (East of North) can be estimated. The dlit positions angles for the
seleded olservation cite ae reported automaticdly. There are two bright solar system
target avoidance boxes in the target panel. Oneislabeled “Earth”, and covers the Earth and
the Moon. The semndis labeled “Others’ and covers the mgjor planets (excluding Pluto)
and the five brightest asteroids. Seethe help menufor a more complete discusson. To place
your targetsin the AOT you can either enter them directly viathe gopropriate target panel, or
have them read in from a pre-assembled list.

Peak-up: After the target is gedfied, the observer must dedde on a peak-up ogion. The
motivation for having an onboard peak-up cgpability is esentially two-fold. First, sincethe
IRS dits are relatively narrow compared to the nominal pointing acaracy of the
Observatory, it will often be necessary to perform a pe&k-up before starting a spedroscopic
integration in order to achieve agiven phdometric accuracy (or even ensure that the target
lands in the dlit). Second,an onboard pe&k-up al ows an olserver to oltain a spedrum of a
source e/en if its coordinates are nat predsely known —as long as it is known to be bright
enough for the peak-up to function properly.

Figure 7-22 RS Tar get selection window

There ae three pe&-up opions available: “IRS Reak-up”, “PCRS Re&-up’, and “No Pe&-
up’. The “IRS Re&k-up’ option wses dftware resident in the Combined Eledronics (the CE)
to acarately find a target on ore of the two IRS pe&k-up fields of view (blue or red) before
off setting the science target to one of the IRS dlits. The blue pe&k-up filter coversthe 13-18.5
micron wavelength range, while the red pe&k-up filter covers the 18.5-26 micron wavelength
range.
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Besides the ped&k-up filter, the observer must select one of three levels of accuracy for the
pe&k-up, “High”, “Moderate’ or “Low”. These make use of threespedfic painting protocols
of SIRTF, designated as “Hard Point 1", “Hard Point 2" and “Quick Point”, which give
paositional uncertainties in plaang and hdding the sciencetarget onthe dlit of 0.4, 1.0,and 2.0
arcseconds (1-o, radial), respedively. Table 7.4 gives the phaometric uncertainties for the
four modues correspondng to Hard Point 1 (HP1), Hard Point 2 (HP2), and Quick Point

(QP).

The manner in which the Hard Point 1, Hard Point 2, and Quick Point protocols are used to
achieve the seleded High, Moderate, and Low accuracy spedfied in a given AOR depends
uponwhether asingle target or a duster is being observed.

Given the substantial overheads associated with pegkups, observers $oud think carefully
abou the @solute flux uncertainties required for a given science program and avoid
speafying higher accuracy pointing than required. High accuracy pointing would be difficult
to justify in awide dlit, for example, especially considering that the @solute flux uncertainties
givenin Table 7-4 in that case ae comparable to o lower than the requirement on the science
data pipeli ne processng.

For a single target, no matter how many modues are requested in the AOR, a single pe&-up
is dore & the beginning of the sequence If High accuracy is requested, the Hard Point 1
protocol is used. For Moderate and Low acarades, Hard Point 2 and Quick Point protocols
are used, respectively. Multi-modue observations are dways scheduled in the order of
narrowest-to-widest dlit. The accuracy of paositioning the objed degrades by approximately
0.2 arcseconds added in quedrature for each move. Since an oljed is observed at two
pasitions in ead sub-dlit spedfied, the total number of moves for a given AOR is 2n — 1,
where n isthe number of sub-dlits requested.

For a duster, al targets are observed with a single modue first, before moving to ancther
modue. If a peak-up is requested, it is done & the start of each set of observations with a
given modude. Whether or nat intermediate pe&k-ups are done within the duster AOR
depends upon the number of targets and modues (dlits) requested. Spedficaly, it is the
number of moves of the telescope that determines if and when intermediate peak-ups are
required. Thisis cdculated by software andis not selectable by the observer. Two dfferent
circumstances are recognized, use of the narrow (short-lo and short-hi) dlits, or use of the wide
(long-lo andlong-hi) dlits. If the short-hi dlit i s used and a high accuracy peak-up is requested,
a HP1 ped&-up is performed for every target in the duster. Thisis very costly, but the only
way to ensure high acaracy for al targets in the duster. |If moderate accuracy is requested,
an HP1 is performed at the start, and then again after 11 moves of the telescope. If low
acaracy isrequested, an HP2 peak-up is performed at the start, and then again after 37 moves
of the telescope. These combinations of initial pe&-ups and nunber of moves have been
seleded in order that (at a minimum) the requested accuracy is attained for all targetsin
the duster. For the wide dlitsthelogic is dightly different. For example, if thelong-lo dlit is
in use and a high accuragy peak-up is requested, a HP1 is performed at the start, and then
again after 11 moves of the telescope. If moderate accuracy is requested, an HP2 pe&-up is
performed at the start, and then again after 37 moves of the telescope. Finaly, if low accuracy
is requested, an HP2 pe&k-up is performed at the start, but no intermediate peak-ups for that
glit.
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HP2
Positioning accuracy 1.0

Photometric uncertainty 152000 37-42% ~100%
(for Short-low)

Photometric uncertainty 5-10% 1520% 4555%
(for Short-high)

Photometric uncertainty 2-5% 5-10% 1520%
(for Long-low & L ong-high)

Table 7.4 Initial Photometric uncertainties for various peak-up
options

An IRS peak-up can be performed oneither the spectroscopic target itself, or a nearby (AR <
30 arcminutes, TBD) object whose offsets from the sciencetarget are acarately known. If an
off set pe&k-up target is desired, the observer can enter this diredly into the AOT (see Figure
7-23).

The IRS pedk-up cgpabiliti es for moving targets are limited to pe&k-up onthe science target,
or pe&k-up onan dfset target, co-moving with the science target. An IRS pe&-up onan
inertial target, followed by an offset to a moving science target, is not currently suppated.
This capability will be explored duing IOC. To take spectra of a single moving target, and
aso pe&k-up onthat target, enter the target as a “moving single”. Then in the IRS AOT, set
the pe&k-up offsets as zero in R.A. and Dec. In the case where you want to olserve asingle
moving target but peak-up a @-moving offset source, enter the science target as above, bu
enter the @-moving pe&k-up source position in the peek-up target off set entry box. If instead
you want to pe&k-up onamoving target (for which you have aNAIF ID) and then olserve one
or more @-moving positions, enter this target as a “moving cluster” with the target for which
you have the NAIF ID as the “primary target” and the offset(s) you wish to olserve & the
cluster pasition(s). Here, the peak-up will be performed onthe primary target, and spedra will
be obtained at the primary and dfset positions. If you wish to pe&k-up onthe primary target
but nat obtain a spedrum of it, simply check the “observe offsets only” box in the moving
cluster target entry window.

For both fixed and moving targets, where IRS peak-up has been specified, the peak-up target
flux density must be entered into the AOT. Currently, this flux density is only used as a chedk
to make sure the pe&-up target is suitable. In afuture verson o SPOT, the flux density will
be used to seled the rrect integration times for peg-up from among a limited set of
exposure times (see sedion 7.2.3.3. When using the IRS pe&-up, the observer is able to
seled either the point source (nominal) or extended source option. This option is nat
avalable for the PCRS Re&k-up. The point/extended source selection sets important
parameters in the peek-up software which are required to accurately centroid onan extended
source We strongly recommend that, whenever posdble, all observersrequiring an IRS
peak-up use a point source (seesection7.2.3.3.

The second pe&-up ogion (panel) available is the “PCRS Re&k-up’. This choice selects the
Pointing Calibration & Reference Sensor as the pe&k-up instrument. The PCRS operates in
the visual part of the spectrum (from 5050 — 5950) and its main function is to cdibrate and
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remove the drift between the star trackers and the telescope. The PCRS can measure the
centroid of starsin the 7 mag < V < 10 mag range to an accuracy of 0.14arcsec (1o radia).
Asinthe cae of the IRS Re&k-up, for an inertial science target, the observer has the dhoice of
pe&king up onthe sciencetarget itself, or an off set star. However, given the large wavelength
diff erence between the PCRS and the IRS detedors, it is drongly recommended that the PCRS
only be used to pe&k-up ona offset stellar source with a known visual magnitude. The
primary reference cdaogue for the PCRS will be the Tycho star catalogue. The field o view
for the PCRS is 40x40 arcseands, comprised of a 4x4 array of 10 arcsec pixels. The PCRS
therefore, functions more like a ‘guad cdl” centroiding device than a standard CCD (which
adequately samplesthe PS).

The third pe&k-up opion is “No Peak-up’. In this case, the telescope will slew to the
observer-spedfied science target position, wait for the nominal settling time, and begin the
spedroscopic observations.

Although the procealing description of the pointing system refleds our current
knowledge, it is likely that this will change substantially during, and immediately after,
IOC. Therefore the pointing accuracies and associated AOT expansion logic would
change, accordingly.

Instrument Settings: In the third section d the Staring Mode AOT, the observer specifies
the spedra to be obtained with the IRS. Since ech IRS dit corresponds to a particular
wavelength region and a particular spedral resolution, there ae six dlits to choose from since
the short-low and long-low modues have two sub-dits ead. There ae three doices to be
made for ead dlit. First, the observer must enable adlit by turning it “on’. For ead dlit, the
observer must select from one of four “ramp durations’ and then enter the number of “cycles’.
The ramp duation is the time between the first and the last non-destructive read of the aray,
and corresponds to the “effective exposure time” in Figure 7-13. The shortest ramp duration
for al of the ditsis sx seconds. The longest ramp duation for the dlits varies from 120
semnds to 480seconds depending uponthe modue. The ramp duations have been chosen by
the IRS instrument team to provide the highest dynamic range, while minimizing the number
of variations that require routine caibration in abit. Note that the IRS modues reach
badkgroundlimited performancein typicdly lessthan 90 seconds (varying with wavelength
and resolution). Longer ramp durations are acompromise between small er overhead times and
the dfed of cosmic ray hits, for which no recommendation can be given at this time. The
cycles parameter is the number of times a given spedrum is repeaed, before moving on to the
next dlit pasition, a the next target. Sincewe dways observe each target at two dlit paositions
in standard staring mode (see below), the doice of a single cycle will result in two,
independent spedral ramps.

The Observation Type can be spedfied as either Standard, Step-and-Stare, or Peak-up
Only. Standard staring mode places the target at the two naminal dlit locaions for each
requested dit. The Step-and-Stare option instead moves the telescope such that the dlit steps
aaoss the target in olserver-sdledable increments (in unts of arc-seconds). Under the
Standard ogtion, ead target is placed at two locations per dit, naminally 1/3 and 23 o the
way along the length o the dlit. For Step-and-Stare, each target is placel orly at the center of
eat dit. A spedral ramp is taken at each pasition in the dlit. For example, in Standard
staring mode, the dhoice of a 480 second ramp in the short-high modue would produce two
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spedra, ead of which is 480semnds, from two pdasitions in the short-high dlit. For Step-and-
Stare, only one 480secndramp would be produced.

The number and size of the steps perpendicular and parall el to the dlit must be inpu by the
observer if Step-and-Stare is ®leded. For each leg of a Step-and-Stare map, the steps
perpendicular to the dlit (if any) are performed before the steps parall el to the dlit (if any). The
number of cycles is defined exadly as it is for standard staring mode, i.e. the number of
repeds of a given ramp exposure withou moving the telescope. However, in step-and-stare
there is an additional parameter, “Number of Maps’, which indicaes the number of times the
entire pattern (onthe sky) isto berepeaed. Both the cycles and the number of maps default to
unity. It isimportant to nde that the predse orientation d the step-and-stare pattern onthe
sky canna be specified withou constraining the time of the observation. Also, sincethe IRS
dits are nat paral e to each ather in the focd plane, observations using more than ore dlit will
generaly not have the same major and minor axes on the sky. Sinceonly one dlit at atimeis
seledable for the Step-and-Stare option, a multi-slit observationin this mode, which requires a
certain dlit angle, must be built up d more than ore AOT.

The Pe&-up orly observation type is intended to provide “early aaquisition” functionality to
the IRS staring mode. In a Pe&-up orly observation, the pe&-up algorithm is run in its
normal fashion (see sedion 7.1.3.3 Blow) but no spedroscopic data is taken. This may be
useful in cases where long spedroscopic observations are nealed, bu no obvous peak-up
target presents itself from other groundbased or space-based data. The peak-up images and
the pasition d the target seleded by the software ae sent to the groundin this mode. Since
the pe&-up software runs its normal course here, the overheads (including the initial slew
overhead and the settling times within the pes-up procesg are significant. The DCS images
will be dark current subtracted, cleaned of cosmic rays, and flat-fielded on bard (as is dore
for al pe&-up data) and these images will be made available to the observer for planning
future IRS spedroscopic observations.
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Figure 7-231RS Saring Mode instrument settings

Source Flux Density: After the target and olservation have been entered, the observer enters
the average source flux density (over the requested wavelength ranges). In afuture release of
SROT these flux densities will be used to cdculate the signal-to-noise ratio for each requested
spedrum. When the “Source Flux Density” buttonis clicked, a new window (Figure 7-24) is
generated with fields to inpu the flux density of the source (in mJy) for each wavelength
region being observed. Currently, the flux density at the center of eadch seleded wavelength
regionisrequired. The wavelength regions are labeled by the central wavelength of the band.
For example, the high-resolution 1937 micron dlit is designated in the source flux density
window as “28 microns’” and the observer shoud inpu the gproximate flux density of the
source d that wavelength.

127



Figure 7-241RS sour ce flux density window

Compute Observation Estimates. The final section d the AOT uses the target and
instrument spedficaions to compute the following quantities for the experiment: (1) the
signa-to-naise ratio (not yet implemented), (2) the slew time in seconds, (3) the settle timein
sends, and (4) the AOR duration in seoonds. The duration includes al overheads within the
AOR.

Figure 7-251RStime estimation window

7.2.3.2 SPECTRAL MAPPING

Commisgoning of the IRS Sedral Mapping Mode is deferred urtil after launch. For
completeness we describe its basic functionality here. Inthe IRS Sedra Mapping mode, the
telescope is commanded to scan continuouwsly in a direction which is perpendicular to the
chosen IRS dlit(s). As with the Staring Mode, the observer simply seleds the exposure time,
and the scan rate is then automatically set so as to provide two full read ous of the aray per
dit crossng. That is, an observer will get two full ramps of spedral data no matter what
exposure time is chosen. A list of the avail able scan rates for ead dlit is given in Table 7-5.
The observer can chocse any combination d the IRS dlitsin spedral mapping mode, and there
isasimple way to seled both of the short-low and long-low sub dlits to enable easy mapping
of extended sources. For eat scan, the observer must speafy the scan leg length and the step
size. The scan leg length is sleded as integer multiples of the dlit width. The step size is
seleded as one of a limited number of fradions of the dlit length (0, %, %2, %, ofull). Note
that the zero seledion simply designates a single scan leg. When olserving a duster with more
than ore dlit in Spedral Mapping mode, all targets are observed first in ore dlit, then all targets
are observed in the second dlit, and so on. For single targets, the IRS pe&-up ogions are
defined the same & in the staring mode, namely either a Hard Point 1, Hard Point 2, a Quick
Point is performed orce before the mapping starts. However, when olserving a duster, the
seleded peak-up is performed at the start of ead spedra “campaign” — since the duster is
observed completely in one modue before moving onto the next. We fed this is a very
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conservative dedsion since the behavior and panting of the Observatory after short (or long)
scans has not yet been characterized. A more @mmplete description d the spedral mapping
mode, as well as examples of filled ou AOTSs, will be included in a later version d this
manual.

modue | Slit width | exptime Scan rate
(arcseq (seQ (arcsed'sec)
Short-Lo | 3.6 6 0.1385
14 0.0857
60 0.0243
240 0.0061
Short-Hi | 5.3 6 0.2039
30 0.0716
120 0.0179
480 0.0045
Long-Lo |9.7 6 0.3731
14 0.2309
30 0.1311
120 0.0328
Long-Hi |11.1 6 0.4269
14 0.2643
60 0.0750
240 0.0187

Table 7.5 Spedral Mapping Scan Rates

The Step-and-Stare mode described above recvers ssme of the functiondity of the Spedral
Mapping mode. Observers wishing to olserve extended targets, or perform sparse maps, may
find Step-and-Stare much more efficient to use than Standard Staring mode. Once Spedral
Mapping mode is commisgoned, we will still retain the Step-and-Stare caability. Some
observations are better suited to Step-and-Stare (e.g. laying along dlit, end-to-end on the sky
to measure theradial variation d line or continuum features in an extended source) if covering
the entire areais not necessary.

7.2.3.3 IRS PEAK-UP MODE AND PEAK-UP ALGORITHM DESCRIPTION

Overview: As described in the previous sctions, the IRS Re&-up mode dlows the user to
acarately place atarget onthe desired dlit of the IRS. The IRS Regk-up mode gives the option
of centroiding on either “point” sources or on “extended” sources. A point source is defined as
that with maximum dimension much lessthan the FWHM of the central Airy pattern of the
telescope (~5 arcseconds with the red peak-up filter) --- the majority of extragalactic sources
and certainly all stellar sources fal into this caegory. An extended sourceis that with FWHM
greder than the telescope ary pattern, bu not exceading ~20 arcsemnds. The extended ogtion
alows for peak-up on cometary or cometary-like sources with intensity distributions
propational to /R (where R istheradia distancefrom the source).
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While an extended pe&-up ogion is made available to the user, the Peak-up algorithm has
been optimized for point sources. We therefore strongly recommend that, if at all possble,
pe&k-up ke performed ona point source ideally on a relatively strong sourcein a region with
relatively low-level and urstructured badkground emisson. For example, if the proposed
scientific observation is of an extended target, rather than pesing up onthe extended target
itself, the recommended procedure is to establish panting on a nearby point source The
extended pe&-up ogion isto be used cautiously and orly: (1) if there ae no pant sources
with sufficient flux within the vicinity (AR < 30 arcminutes: TBR) of an extended target, (2) if
the position d an extended target is not well known, a, (3) if the extended oljed is amoving
target, such as a cmet. It is also concavable that pesk-up ke used to target the brightest sub-
clump (FWHM < ~9 arcseconds) of an extended source with complex morphdogy (using
either the blue or red pant source option), bu thisis risky and nd recommended.

The Pe&-up algorithm assumes that the source with the highest peak flux in the pe&-up field
(~1x1 arcminute) is the intended peak-up target. The dgorithm for determining the peak flux,
and the aeaover which the centroiding is performed, dffer between the point and extended
cases:

* Point source option: The pe& flux of a given sourceis the sum within a 3x3 pixel
(5.4'x5.4") box centered onthe pe& pixel of the source Centroiding is performed
within a5x5 pixel (9"x9") box centered onthe same pe&k pixel.

» Extended source option: The pe& flux of the source is the sum within a 7x7 pixel
(12.6'x12.6’) box centered onthe pe&k pixel of the source Centroiding is performed
withinal11x11 pxel (19.8'x 19.8') box centered onthe same pe&k pixel.

Peak-up operation: The operation d the pe&-up agorithm is analogous to floodng the level
of water past a group of pam trees on a beach, thereby isolating the trees from the
“badkground” and allowing for easier identification and locaion. The dgorithm utili zes the
set of three doude arrelated sample (DCS) images, acquired in sequence, containing the
ped&k-up source specified by the user. To identify and accurately centroid on the pe&k-up
target, the dgorithm ---

1) produwces three difference images, (DCS1 - DCS2), (DCS2 - DCS3), and (DCSL -
DCS3), which presumably contain orly noise and transient signatures (such as cosmic
rays). The dgorithm then makes a rough identificaion d cosmic ray hits under the
asuumption that the strong CR hits produce the upper and lower 10% of ouitlier values
in the histograms of the difference images.

2) with the CR hits identified in step 1, isolates the noise comporent in the difference
images, replaces bad pixel values, and estimates the noise variance (0).

3) removes any planar background comporent via least-squares approach and then the
mean from the threeoriginal DCS images, producing a set of zero-mean images.

4) identifies as cosmic ray hits (or transients) those pixels with values outside of + 3.50
in the difference images, then replaces those pixel positions in the zero-mean images
with zero values.

5) match filters or, in ather words, convdves the gpropriate (blue or red) point spread
function with the threezero-mean images and then co-adds them into a single image.

6) finds in the m-added image isolated pixel clusters below a minimal pixel size
threshold (containing lessthan 6 pxels for the red and 15for blue) and then assgns
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zero values to those pixels. They are asumed to be cosmic ray hits, nase spikes or
glitches that have somehow escaped earlier removal.

7) centroids on the source(s) in the final co-added image and reports the centroid of the
source with the greaest peak flux to the telescope. A fina co-added image
(comprised of constituent maps that are nat matched filtered) is returned to the ground.

The aquisition d the three DCS images and the subsequent processng by the Peak-up
algorithm is adually dore twice whenever a Peak-up ona sourceis requested. The first cycle
(referred to as the “aayuisition” peak-up) acquires the source and daces it on a portion d the
pe&k-up array least effected by dead pixels. The second cycle (referred to as the “sweet spat”
pedk-up) finds the cantroid of the source before offsetting the target to the dlit.

Ead IRS pe&-up produces sx, ungocessed DCS (difference) images, as well as two dark-
subtraded, cosmic-ray cleaned, flat-fielded and badground subtraded “average” frames.
There ae three DCS images for the acquisition peak-up and three DCS images for the “sweet
spot” pe&k-up. Eadh o these in turn produces a single, processed, “average” frame. These
average frames are the ones that are used by the dgorithm to find the pe&-up target.
Therefore the observer selecting an IRS pe&k-up will receve, in addition to their spedral data,
a set of eight peak-up images.

Point_Source Peak-up: Table 7.6 details the performance of the Pe&k-up algorithm when
applied to a point source on a flat background, with no dher sources within the field. The
trials were performed using 1024 simulated DCS image three sets, each three-set containing a
single point source ary pattern randamly locaed in the field. Also included in the images are
simulated cosmic ray hits, the standard ndse comporents (readou noise, dark current, and
phao-current shot noise) and a mnstant off set level representing the zodiacd comporent. In
all simulated images we gplied a badkgroundlevel equivalent to the zodiacd comporent at
30 degrees ediptic latitude and cosmic ray hits at arate of 8 cm™ s, the gpproximate average
observing latitude and 99% confidence level CR hit rate expeded for SIRTF, respectively.
Listed in Table 7-6 are the successrates with resped to the HP1 (col. 5) and the HP2 panting
requirements (col. 6), as a function d the point source flux (cols., 2, 3,and 4 and pe&-up
filter used (blue or red), for threeecliptic latitudes. The “successrates’ for HP1 and HP2 are
defined as foll ows:

HP1: The percentage of trids where the determined source catroid is within Ar = 0.42
arcseconds of the adual source paosition. Ped-up fulfill s the HP1 requirement, for a source with
flux F, if it medsthe dove mnstraint with a successrate of 95% or greder.

HP2: The percentage of trials where the determined source ceatroid is within Ar = 0.84
arcseconds of the adual source position. Pedk-up fulfill s the HP2 requirement, for a source with
flux density F, if it medsthe &ove @nstraint with asuccessrate of 95% or greder.
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Source Flux Density (mJy) Success Rates
Eclipticplane | Eclipticlat =30° | Ecliptic pole HP1 HP2
1.1<F<14 |0.8<F<1.0 --- 88 — 95% >97%
sl 1.4<F<150 | 1.0<F<150 0.8<F<150 95 — 9% >99%

Table 7.6 Peak-up successratesfrom simulations

The successrates are based onthe integration times to be used in flight and depends on the
source flux: (i) Tag = Tswee = 8 seONds per single DCS frame, for both the blue and red
filters, for sourceswith F>~5mJy and (ii) Tag and Tsyee SiNgle DCS frame integration times
ranging between 8 and 64seconds for sources with F <5 mJy.

We limit the following discusson to sources at ediptic latitude of 30 degrees (col. 3). Note
that the Pedak-up algorithm is cgpable of meeting the HP1 acaracy (col. 5) (> 95% success
rate of centroiding to within 0.42arcseconds of the true) for sources with fluxes greater than
1mJy in the blue or 5 mJy inthered. While the Pe&-up algorithm is cgpable of acquiring a
point source & wed& as 0.8 mJy in the blue or ~1 mJy in the red, it does not med the HP1
acaracy on such sources, having successrates of only 76% and 8% for the red and the blue,
respedively. On the other hand, the HP2 requirement is met for the entire range of source
fluxes quaed in the table (both the blue and red pe&k-up modes), including the faintest
SOUrCes.

In general, the performance of the Pe&-up agorithm is better when using blue filter
observations than it is when using the red filter observations. A ped-up wing the blue filter
allows one to aqquire sources fainter (as low as 0.8 mJy) than is posgble with the red and, for
asource of given flux within the range 1 mJy < F < 5 mJy, entails much lessintegration time
(as much as 145 seconds lesg and is cgpable of centroiding predsion satisfying the HP1
requirement. The blue peak-up also has better centroiding precision for the bright sources.
Under normal operating conditions the red pe&-up daes, however, have amaximum flux limit
(340 mJy) higher than that of the blue pe&-up (150 mJdy). A source with flux density
excealing these limits (up to 500mJy in bah the blue and red) may be accommodated, bt
such will require specia techniques yet to be resolved. At the arrent time we do nd
recommend peaking up onsources that will saturate the detedor. More information will be
provided as smulations and in-orbit testing are performed.

In case the peak-up algorithm failsto deted a source the AOR will still be exeauted and
the dlitswill be positioned on the nominal source position(s) spedfied within the AOR.

The test results presented thus far for the point sources are based onidedized scenarios in
which there ae no complicaing badkground comporents such as low level extended clumps
or extended structures like drrus emisson. The mid-infrared badkgroundistoo dverse andits
structure too poaly known for comprehensive tharacterizations of its influence on pe&-up
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success satistics. The results in Table 7.6 shoud thus be cnsidered ogimistic estimates,
perhaps best reflecting extragaladic observing condtions where the science source is point-
like, likely the only source in the field, and with afield containing littl e structured badground
emisgon. In some regions of the sky the Pe&k-up algorithm will not be ale to aajuire apoint
source with an acceptable rate of success becaise of the complicaed cirrus texture in the
Ped&k-up images. The paint source flux must be greaer than the mnfusion nase in the dosen
~1.0 arcminute peak-up aperture for a reasonable dhance for aaquisition. While most of the
flux in the pe&k-up filter bandpasses comes from zodiacd emisson, the zodiacd light is very
smoath onarcminute scaes, and we exped most of the texture to be due to cirrus and aher
Galadic badkgrounds. To cdculate quantitative lower limits on recommended Pe&-up pant
source fluxes, we use the drrus Ky power spectrum at 100 microns from Gautier et a. (1992,
AJ, 103, 1313 to oltain the 100 micron confusion nase in the large-telescope (negligibly
small PSF) limit for al.0arcminute goerture. We then place an upper bound onthe 15 and 25
micron confusion nase in such an aperture by multiplying by an uppger bound onthe 12/100
and 25100 flux density ratios obtained by Desert, Boulanger and Puget (1990, A&A, 237,
215. Figure 7-26 shows the recommended minimum flux density of the peak-up target (in
mJy) as afunction d the cirrus brightnessat 100 microns (in MJy/sr). The airves are for bath
the blue and the red pe&-up filters. The recommended minimum pegk-up source fluxes in
Figure 7-26 may be reduced by a factor of threeor four once the performance of Pe&k-up is
evaluated in orbit.

Figure 7-26 Recommended minimum flux density of the peak-up target (in mJy)
asafunction of the drr usbrightnessat 100microns (in MJy/sr).

133



The following is asummary of our recommendationsfor peaking-up on point sourceswith
theIRS.

* Use the blue peak-up filter when passble (unlessyour sourceis very much weder in
the blue than in thered). In general, a blue ped&k-up gives better centroiding accurades
for the range of sourcefluxeslisted in thetable.

* For sources brighter than 30 mJy, supdying a source flux (in the SROT Pe&-up
option) that is acarate to within a fador of two of the adua flux will im prove the
noise statistics and hence the probabili ty of successfor achieving the required centroid
acairacy.

o |If a all possble, use apoint source with flux in the midrange of 10 mJy to 150mJy for
the blue, 10 mJy to 340mJy for the red. HP1 peak-ups on we& sources (< 1 mJy for
the blue and < 5 mJy for the red) have poorer successrates (below the our requirement
level of 95%) and require longer integration times. Moreover, the weak source peak-
up success rates suffer the most rapid degradation when structured badkground
emisgonisintroduced into the smulations.

* Chocse apoaint source in a region with as little structured background emisson as
possble. To ensure asuccessful peg-up, avoid regions where the intensity of the ay
structured background component (within the size scde of the ~1 arcminute pegk-up
field) is greder than 10 percent that of the point source Refer to Figure 7-26 for a
guide to the minimum recommended pe&k-up pant source flux as a function d the
100-micron badkgroundcirrus brightness

Extended Sources. Pe&k-up centroiding accuracies on extended sources are poarer than with
point sources. The performance of the Pe&k-up algorithm was tested onimages produced in a
manner similar to the point source images -- a single pe&k-up oljed on an aherwise flat
badkground,with added CR ray hits, astronamica/detector noise mmporents, and a @nstant
zodiacd badkground. The “extended” sources were modeled with Gaussan intensity
distributions and cometary sources with /R intensity distributions. The peak-up accurades
depend, in large part, onthe source size; centroiding accurades progressvely decrease with
increasing source size. The maxima recommended FWHM of a source is ~20 arcseconds.
With such a source, ore can exped centroiding acaracies of no worse than 1.5 arcseconds
(with greaer than 93% confidence levels) for peak intensities >15 MJy/sr (blue). The same
numbers hold for cometary or IL01/R type sources.

The recommended lower limit to extended source ped intensity is 15 MJy/sr for the blue and
10 MJy/sr for the red and the upper limits are 340 MJy/sr for bath the blue and red, the
saturation limit of the detedor under normal operation.
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The following is asummary of recommendationsfor | RS studies of extended sources.

* Limit extended pe&k-up targets to size FWHM < 20 arcseconds.

* Observe extended/cometary sources with peak intensities within 15 MJy/sr to 340
MJy/sr (blue) or 10 MJy/sr to 340MJy/sr (red). Within these limits Pe&-up shoud
provide centroiding accurades of < 1.5arcseconds, at a 95% confidencelevel.

» |If pe&king up ona cmet, use the “extended” sourcepegk-up ogdion.

» Ped&-up onsimple sources. Avoid sources with prominent and/or multi ple sub-clumps.

» Chocse afield as clea as possble of structured badgroundemisson. In the case of
an extended source pe&k-up, the dgorithm uses a 20 x 20 arcseaond centroid box. All
emisgon within that box will i nfluencethe centroiding results.

Peak-up filter transmisson curves: Figure 7-27 shows the filter transmisgon for the blue
and red peak-up channels. Note that these aurves represent only the filter transmisson bu not
the dlightly varying resporsivity of the detecdor with wavelength. Nevertheless the plot will
be useful to determine which peak-up filter would be best for atarget with a given SED.

Peak-up Filters
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Figure 7-27 Transmisson curves of the blue and red peak-up arr ay filter
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7.2.4 Astronomical Observation Template (AOT) Cook Book

Althouwgh a full description d the staring mode AOT is given above, it is instructive to step
through afew worked examples as a guide.

Example #1: High resolution staring mode observation of a single fixed tar get

In this example, we would like to oltain a high resolution spedrum of a bright target, in order
to seach for two, faint emissonlines at 15 and 26 um. We will use both the short-high and
long-high modues. The target isat RA (J2000 = 15:34:57.4,DEC (J2000 =+23:29:52, and
has IRAS 12 and 25um flux densities of 0.5and 7.9Jy, respedively. Pladng this objed in
the target list, and checking the visibility shows that there ae many windows of oppatunity
for SIRTF observation. In the first year of operation, this target is visible for 114 dys,
divided into two, two month windows (seeFigure 7-28 below). For the seleded observation
date of June 30", 2002, dte, the short-high and long-high slits will have positions angles on
the sky of 178.3and 93.5 @grees East of North, respedively.

We would like to oltain at least a 100 detection (or limit) on the two emissonlines, which are
expeded to have fluxes of approximately 5x10%* W cm™. Since the ediptic latitude of the
target is 41.3 degrees, we will use the set of sensitivity curves estimated for 40 degrees
latitude. These airves indicate that a single, 120 second exposure will provide asignal-to-
noise of unity in the short-high modue for an urresolved emisson line having a flux of
approximately 8x10% Wem? at 15 um.  Similarly, a 240 second exposure will provide a
signal-to-naise of unity in the long-high modue for an urresolved emisson line having a flux
of approximately 7x10% Wem™ at 26 um. If we select two cycles per observation, and the
120 second and 240second expaosure times for the short-high and long-high dlits, we shoud
obtain a signal-to-noise of approximately 12-14 in bah sets of spectra for our target line flux
of 5x10%?Wcm™. Note, that since because the default in staring modeis to oktain two spedra
per dlit, by selecting two cycles per dlit, we will adually obtain four, 120second exposures in
the short-high modue, and four, 240second exposures in the long-high modue. Also, while
the target is moderately bright, there is no poblem with saturation in the high resolution
modues as the flux density in the observable wavelength regime is well below 70 Jy. The
observationis shown in thefill ed-out AOT below in Figure 7-29.
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Figure 7-28 Target visibility window for Example #1

Whil e the science target is a point source, it istoo kright in bah peg-up filters to serve & the
pe&k-up target aswell. The recommended levels are discussed in sedion 7.2.3.3 so it isclealy
too lkright for the red peg-up filter and marginaly too kright for the blue peak-up filter.
Therefore we have seleded a fainter, nearby star and entered this into the AOT for a high
acaracy pe&-up. This gar hasa 15 um flux density of 10 mJy, andis 117.31arcseconds edst,
and 22.5%rcseands outh o the sciencetarget (seeFigure 7-29).

Once the AQOT s filled ou, including entering the flux density of the source in the chosen
bands, the time estimate shoud be cmmputed by clicking on the button at the bottom of the
form. For this experiment, the total exposure time is 1440 se@nds, the slew & settle time is
89.0semnds, andthe durationis 2397.0seamnds (see Figure 7-30).

More examples will beincluded in subsequent versions of this manual.
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Figure 7-29 A filled-out AOT for Example #1
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Figure 7-30 Resour ce Estimates for Example #1

7.3 Data

7.3.1 Instrument Calibration

The IRS will be fully calibrated and will produce spedrophdometric and phdometric data, as
appropriate for the different modues. The wavelength scde, spedral resolution, and system
resporse of the spedrographs are determined through a series of cdibration measurements.
The spatia resolution, system resporse, and color corredions of the peak-up cameras are
determined in a likewise manner. Table 7-7 lists the sets of measurements that will be
performed. Few of the details, in particular exad source seledion, have been finalized since
we ae in the processof establi shing cross-cdibration requirements with the MIPSinstrument.
They will be updated in the later versions of the manual as they becme available.

Photometric calibration: A set of starsin the northern continuous viewing zone of SIRTF has
been selected. Ground based olservations (using the NASA Infrared Telescope Facility) are
currently underway and more ae planned for the coming year. Accurate phaometry of those
targets from the Hipparcos and Two Micron All Sky Survey databases, as well as gellar
templates will be used.

Wavelength calibration: Wavelength calibration was performed on the ground wsing a
monochromator (MC), with 5 MC paints per order for the low-resolution modues and 9
points distributed aroundthe high-resolution. The MC was got-chedked against CO, in short-
high, H,O in long-high, and Si absorptions in long-low. In orbit, wavelength cdibration can
be performed by observing bright planetary nebulae (PNe) with weak continuum and strong
emissionlines. Be stars, which dsplay numerous H-lines, can also be used.

Spedral resolution: Accurate in orbit measurements can be obtain duing the wavelength
cdibration with PNe. Since our spectral resolution is less than 600 and the expeded line
widths of PNe aelessthan 30 kn/s most lineswill be dfedively unresolved and their spadng
will be used to derive the exad resolution d the instrument.

Linearity: The lineaity will be established during IOC by observing sufficiently featureless

sources with different fluxes over constant integration times as well as keeping the source the
same but varying the integrationtime. For the low-resolution modues this can be achieved by
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observing the zodiacd emisgon at low and high ediptic latitudes. The exad technique, which
will be foll owed in the high-resolution modues, isTBD.

Flat field: Flat fields will be generated by measurements of the zodiacal emisson at low and
high latitudes and/or by dithering a bright extended source with nostrong emisson lines (such
asreflection rebulae) aong the dlits.

Beam profile: This can dore by observing point sources. Most probable candidates are stars
and luminows infrared galaxies. Many of the latter are expeded to be paoint-like in the mid-
infrared as e by SIRTF, and since they can be seen easily with bah the IRSand MIPS can
serve & crosscdibrators as well .

Spedral leaks: This will be dore by observing asteroids and/or other targets used for the
study of the bean profile. The latter is necessary for crosscalibration with MIPS since the
fad that the rotation period d most asteroidsis gnall. The flux from an individual asteroid is
expeded to vary over the length of each instrument campaign.

Droop: A change in the measured offset value of a given pixel which is a function d the
total flux falling onthe aray. Groundtests suggest that this effed can be modeled globally
for each array, by using a single parameter. On the ground, these parameters have been
estimated by analyzing data from masked areas each array. During IOC the modd will be
tested using the urrilluminated areas the arays. Since “droop’ appears only in one of the two
possble ways of reading the aray, a dired measurement/evaluation d the performance of the
model will be adieved.

Scattered light: The presence of scatered light and/or ghosts on the array have been tested on
the ground and limits of their contribution have been establi shed by observing bright sources.
The same technique will be followed during IOC. An added test to examine the dfects of
scatered light from the telescope baffle will be performed duing the @d-down of the
instrument the first weeks of I0C. Sincelight from the temporarily warm baffle will dominate
any sky emisgon, it will be distinguishable sinceits flux will follow the telescope aad-down.
Detail s on the frequency of the measurements during the wal-down are TBD.

Slit positions: The mapping of the aray to oltain the pasition and aientation d the dlits has
been performed onthe ground. During IOC the procedure will be repeated by observing a star
cluster and scanning a star aaossthe dlits. We exped to start the mapping from the peak-up
array and slew towards the long-low modue which is the furthest away and has the longest
dit. Subsequently, we will estimate the off sets and pant to the expeded pasitions of the other
dlits.

Notesto Table 7-7 (next page):
- Observations dore "Each campaign” are dso dore during IOC.
- Some sets of cdibrations are dore with the same measurement sequence.
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Sequence When Duty Cycle Purpose Description
Filter Transmissions On Once Necessary for color correcting Transmission vs. wavelength.
Ground data
Detedor Response On Once Necessary for color correcting Responsivity vs. wavelength.
Ground data
System Resporse On Once Color corredion of pe&k-up System Response vs. wavelength
Ground cameras and chedking spedral
lesks
Performance On Twice Verify basic detedor n/B, NG, dark current, and read
Verificdion Ground performanceand establish array | noise, pixel off sets, etc.
charageristics.
Lineaity On Once Establi sh operating range of Vary int. time with fixed flux. Vary
Ground detedor and measure non- sourceflux at fix integration time.
lineaity.
10C
Slit Position Ground Once Determines slit positionsrelative | Get central axis and orientation of
to pe&-up camera gt
10C Twice
S-Curve Distortion I0C Twice Corred data for geometric Placestar at severa positions along
distortion. the dit
Wavelength Ground Once Determine wavelength Observed extended source with
Cdlibration cdibration of spedrographs emission lines
Normal Each campaign
Ops
Spedra Resolution Ground Once Determine resolution of Observed extended source with
spedrographs narrow emission lines
Normal Each campaign
Ops
High-Low Zodiacd Flat | Normal Each campaign Determine flat field for faint Use difference d low and high
Field Ops sources ediptic latitudes.
Extended Source Flat Normal Each campaign Determine flat field for bright Dither a bright-extended source
Field Ops SOUrces. along the dlit.
Star Scan Normal Each campaign Check flat field for all sources. Slew a star along the dlit.
Flat Field Ops
Pixel Offsets Normal Each campaign Get pixel offsets (eledricd + Measure signal at high and low
Ops dark current) for ead integration | ediptic latitudes.
time.
Photometric Normal Twiceduring Tie cdibration to known well Kl and AV stars
Calibration Ops observing behaved sources.
campaign
Spedral le&ks 10C Twice Check for spedral leaks. Observe several asteroids
Bean Profile 10C Twice Determine beam profil e of Observe point sources
cameras and spedrograph.
Scattered light and Ground Once Determine wrredions for Placebright source(s) in spedrum
Cross-talk 10C scatered light and eledrica and pe&k-up cameras.
crosstalk.
Array and System Normal Passive Determine how often Temporal variability of pixel offsets
Stahility Ops cdibrations need to be and response.
performed.
Normal Each campaign Do stimulator flash
Ops

Table 7-7 Calibration measurement description
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7.3.2

7.3.3

Data Products

There ae threebasic IRS spedroscopic data produwcts. The IRS Raw Data consists of one or
more Data Colledion Events (DCE’s) that have been converted to FITS format. Each IRS
DCE consists of a number of reals (samples) of the array at fixed time intervals withou a
reset between the samples. All IRS spedra will either contain four, eight or 16 reads of the
array between resets, and thus the raw FITS data will be amulti-plane data aube with eat
data plane representing areal of the aray. Any ramp duration (exposure time) longer than 16
seonds dill resultsin asixteen plane raw FITS data product.

The IRS Basic Calibrated Data (BCD) isa FITS file made from each DCE, which has all the
“SIRTF-specific” effeds removed. For the IRS spedra, the basic cdibrated data ae ather (1)
a cdibrated, 2D edhellogram for the high-resolution ceta, or (2) a cdibrated, long-dlit 2-D
spedrum for the low-resolution data. The BCD FITS files are acompanied by additional
FITSfiles used in the processng (e.g. the wavelength map, flat field, efficiency corredion and
traceable error images). Thus, the observer can easily seethe entire processused to take the
raw data and crede the BCD. A single DCE resultsin asingle BCD. An IRS AOR can be
made up d many DCE'’s.

The IRS Browse Quality Data (BQD) product is intended to convey the richnessof the target
spedrum and allow for a “first look’” scientific analysis. For bath the high and low resolution
IRS data, the BQD will be: (1) a 2-D, spatialy-redified spectrum, with a linear wavelength
scde dong the olumns and the spatial dimension aong the rows, and (2) a 1-D extradion o
the spedrum assuming a point source & the nominal dlit locaion. Flux is assgned duing the
extradion (asembly) process and is directly related to assumptions abou the target (e.g.
point source, or extended). The extraded 1-D spedra will be in flux density vs. wavelength
units. The 2-D, BQD data will contain a header keyword that al ows conversion between DN
per pixel and flux density per arc-sec, per micron. The final spedrum for an entire AOR can
be aeated by the observer, by co-adding the individua BQD’s. A subset of modues
employed by the BQD pipeline will be made available to users to be incorporated into their
own analysis environments (e.g. IDL or IRAF running on Solaris OS).

The &owve discusson appliesto IRS spedroscopic data only. Although no ppeline processng
is applied, the IRS peak-up dcata is transferred to the groundand dstributed to the observer.
As described in section 7.2.3.3the IRS pe&-up processuses the Doulde Correlated Sampling
technique, and all data processng is handed on bard. Ead IRS peak-up poduces sx,
unprocesed DCS (difference) images, as well as two dark-subtracted, cosmic-ray cleaned,
flat-fielded and badkground subtracted “average” frames. These average frames are the ones
that are used by the dgorithm to find the peak-up target. Therefore the observer selecting an
IRS peek-up will receive, in additionto their spedral data, a set of eight peak-up images.

Data Processing

The IRS data processng performed by the SSC occurs in two separate, bu related, pipelines.
The first, denated as the “Calibration Pipeline” is where the cdibration files (or calibration
coefficients) are reduced (or calculated). These cdibration fil es (coefficients) are used by the
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second ppeline, the “Science Data Pipeline”, to reduce the IRS science data.  The major
comporents of the two IRS pipelines are described in turn, below.

Calibration Pipeline: The calibration gpeline performs the following tasks by using the
routine cdibration data obtained with the IRS.

1. Order Mask Generation — locaes the position d ead order in the short-high and long-
high data.

2. Dark Current Measurement — Uses dark sky observations to estimate the dark current

for each array.

Non-linearity Measurement — Calculates the nonli nearity corredion as a function d DN

for each array.

Bad Pixel Mapping — Updates the bad pixel map for al arrays.

Efficiency Frame Generation — Generates a flat-field frame for each array.

Dispersion Measurement — Cal culates the wavelength solutionfor each array.

LineTilt Measurement —Maps the line tilt as afunction d wavelength for the short-high

and long-high modues.

Slit-to-Pixel Mapping (TBD) — Matches physicd locations along each dlit to pasition on

the aray and provides geometric distortion corredions.

9. Order CrossTalk Measurement (TBD) — Measures the aosstalk between orders for the
short-high and long-high arrays.

10.Fringing Measurement — Measure the fringe anplitude and frequency for the short-high
and long-high modues.

11.Flux Calibration — Calculates the DN-to-flux density conversionfor each array.

w

No ok

o

Science Data Pipeline: The science data pipeline applies the calibration files and/or
coefficients obtained in the calibration ppeline, to the science data. The science data pipeline
performs the foll owing tasks, graphicdly depicted in Fig. 7-31.

1. Gain Corredion — Corrects for the channel-dependant gainsin each array.
2. Reference (Dark Current) Subtraction — Removes a reference (dark) frame from the
science data.

3. Linearization — Linearizes the science data and masks saturated pixels.

4. Saturation —Acoourts for saturation d the A/D converter in order to properly correct for
the droopeffed in the next step.

5. Droop corredion - Correds al pixelsfor the droopeffect.

6. Cosmic Ray I dentification — Identifies and masks cosmic rays in the science data.

7. Slope Estimation — Estimates the ramp slope (flux) and coll apses the science data down to
asingle plane.

8. Jail-bar Removal — Fits and removes the jail -bar pattern in the science data.

9. Flat Fielding — Applies pixel-to-pixel resporse crredion to the science data.

10.Residual Droop corr ection — Removes residual droop by referencing urtill uminated
portions of the aray.

11.Ghost image identification (TBD) — Flags known latent image eff ects.

12.Fringing Corredion (TBD) — Removes the detector-induced fringing from the science
data. The predselocation d this corredionin the pipelineis currently under review (see
below).

13.Wavelength solution — Appli es the wavelength solution to the sciencedatain the
dispersion dredion.
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14.Geometric Distortion corredion — Corrects for the aurvature of the spedrain the aoss
dispersion dredion.

15.Flux Calibration —Applies aflux cdibration to the data based upona point source

16.0Order Splicing — Pieces together the orders in the low and hgh resolution science data
and correds for off setsin resporse between arders and modues.

The IRS, as other spectrographs employing pass-band filters and detector coatings, can be expeded to
experienceopticd reflections within these mediathat will | ead to spedral fringing. Laboratory
performance measurements reveal the presence of fringing in bah high resolution modues, at pe&k-
to-peek amplitudes of 45-55% of the output signal. Unresolved fringes may also be present in the
short-low modue, influencing line intensity measurements in propation to the fringe amplit udes.
These anplitudes have nat yet been measured. While more than one periodis probably present in the
short-high and long-high modue data, orly one period (approximately 1.5cm™) asciated with the
quaed amplitudes has been identified unambiguouwsly thus far. This period may be dtributed to a
combination d the neutral density and low-passfilters employed in the instrument opticd train. The
filters are of equal thickness(1 mm) and similar composition, bu the neutral density filter exhibits
higher refledivity and may thus be the chief source of the observed fringing. Neutral density filtering
will not be enployed on abit, andit is anticipated that fringes with this period in the high resolution
spedrawill be reduced by afador of two ar more. Thiswill be @nfirmed prior to launch during the
CTA test phase under vaauum condtions and withou neutral density filtering. Under these
conditions it may be possble to seach for lower amplitude fringes, paentialy arising from
reflections within the thin detedor coatings, or within the detectors themselves. Periods associated
with the detedors and coatings are not yet confirmed, due to the presence of strong atmospheric gas
linesin the aurrent test data.

Impact of spectral fringing onthe phaometric and spectral capabiliti es of the IRS will be provided to
observers following the CTA testing. Oncethe remaining fringe patterns are charaderized,
uncertainties in the line-to-continuum ratios will be estimated from different levels of corredive
processng that are aurrently under investigation at the SSC. These include both automated and
interadive procedures for point-source and spatiall y-extended spedra. Automated appli cations will
be asses=ed for use in generating the BQD products asociated with each observing campaign.
However, spatial and spedral complexity in science observations (e.g. multi ple point sources,
spatialy extended sources, extremely broad lines or soli d-state features) may necesstate observer
interadionto properly generate the final data product. Interadive toolsto provide aoss-correlation,
sine-wave fitting, and/or fourier transform methods of fringe removal are arrently being analyzed
under the anservative asumption that on-orbit fringing will have the dharaderistics presently seenin
the ground-based test data. On the basis of experience with fringing phenomenain ather space
platforms (1SO, HST), it is expeded that in the early phase of the missonwe will achieve al0%
relative phaometric accuracy within agiven spedral order, and from AOR to AOR, after removing
the dfedsof fringing. Eventually we exped to approad 5% line flux acairacy in agiven modue.

Figure 7-31 (next page) The RS Sience Data Pipeline (Multi-plane, Raw-mode data are indicated
by 3-D icons meant to convey the third, time ais of the data. 1-D iconsindicate one or two-
dimensional spedrawith notime is.)
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